ABSTRACT. A study was carried out in the summer of 1987 to determine the geochemistry and distribution of trace elements, PCBs and 16 other chlorinated hydrocarbons in sediments from selected areas in Great Slave Lake, Northwest Territories, Canada. Sediment cores were collected at three sampling stations in the west basin of the lake on a transect from the Slave River delta to the outlet of the Mackenzie River. The geochemical composition of the sediments showed the deposition of similar material at all sampling stations. Sediment dating indicated a very high sedimentation rate (46.6 g.cm-' per year) at a 110 m water depth in the vicinity of the Slave River delta and mixing of bottom sediments at the southwestern part of the lake. The concentrations of trace elements (Cu, Ni, Co, Cr, V, Pb and Zn) were uniform in all sediment profiles. However, surfïcial sediments were enriched by arsenic. Canadian standard CLB-1 containing 51 PCB congeners was used in the determination of PCBs in the sediment. Thirtythree PCB congeners were detected and their concentrations determined in selected sections of sediment cores. The most abundant congeners were 15 and 18,44,49,52 and 101 (IUPAC numbering) with maximum concentrations 3.52, 2.68,2.44,6.20 and 2.13 ngg" respectively. The concentration pattern of PCBs in Great Slave Lake sediments indicated considerably greater quantities of lower than higher chlorinated biphenyls. Several congeners, particularly those having 7-10 chlorine atoms, were determined in concentrations smaller than 0.20 ng.g-l only at one sediment depth.
INTRODUCTION
The global cycling and deposition of toxic organic chemicals and metals is well recognized as a major source of such compounds to the environment and, in general, is recognized as a serious concern in North America and Europe. The Chernobyl nuclear incident made it very clear how rapidly chemicals can circumnavigate the earth and be deposited in distant areas. The pollution of the aquatic environment is widespread and occurs in areas without known sources of the contaminants involved. Deposition of many compounds from the atmosphere has been established as a major route for the contamination of marine and freshwater ecosystems in remote areas of the world, including the Canadian Arctic. However, the environmental transport of contaminants is complex and global. For example, many organochlorines are transported by air and water and deposited from air by rain, snow, dry fall-out, and vapourphase.deposition.
Chlorinated hydrocarbons have been used, sometimes extensively, in industrialized locations and in agriculture. Nowadays, these persistent organic chemicals have been found in the environment not only at the locations of their use but also in the remote areas of the world, including arctic and Antarctic regions. Although the presence of a few chlorinated hydrocarbons, such as p,p'-DDT, p,p'-DDE, p,p'-DDD, and dieldrin, was discovered in the Canadian Arctic approximately 30 years ago, but mainly in the last decade, improved analytical instruments and procedures enabled successful studies of organochlorines in air, snow, ice, and seawater samples (Hargrave et al., 1988; Patton et al., 1989; Bidleman et al., 1989; Gregor and Gummer, 1989) , as well as in the arctic food chain, including polar bears , seals and cod , and zooplankton and amphipods .
A study was carried out in the summer of 1987 to determine the geochemistry and concentrations of trace elements, polychlorinated biphenyls (PCBs), and other chlorinated hydrocarbons in sediments from selected areas in Great Slave Lake, Northwest Territories. The objective was to assess the role of the lake in global cycling of contaminants and the 'Lakes Research Branch, National Water Research Institute, Burlington, Ontario, Canada L7R 4A6 @The Arctic Institute of North America potential of the lake's sediments for transporting contaminants through the Mackenzie River into the southern Beaufort Sea.
MATERIALS AND METHODS

Study Area
Great Slave Lake, with an area of 26 900 k m 2 , is a major component of the approximately 6000 km long Mackenzie River drainage system and the fourth largest lake in Canada (Fig. 1) . Maximum depth of the lake is 162 m in the west and 614 m in the east basins. Limnology and geological setting of the lake were described by Rawson (1950) and Allan (1979) . The Slave River, a 415 km long major tributary, supplies about 87% of the total annual discharge to Great Slave Lake (Rawson, 1950) . The Slave River combines the contribution of two southern subbasins of the Mackenzie River system, the Athabasca and Peace River basins, and enters the lake by the Slave delta. The lake's only outflow is the Mackenzie River (Fig. 2) . Hay River, 700 km long, Yellowknife River, and a few smaller streams are the other tributaries. The lake stabilizes the flow, water temperature, and water levels of the entire upper Mackenzie River and is a sink for the suspended material discharged by the tributaries,garticularly the Slave River, with mean suspended load 30 x 10 tonyear" (Mackenzie River Basin Committee, 1981) . The city of Yellowknife, with a population of 11 OOO, is located on the northern shore of the lake.
There are few small towns along the lake's shore. Mining, particularly gold and Pb-Zn mines, is the main industry around the lake. However, heavy oil and tar sand deposits and about one million hectares of farmland are in the Athabasca and Peace River areas (Mackenzie River Basin Committee, 1981) .
Sediment Sampling and Sample Preparation
The location of the sampling stations was selected according to the previous investigation of the geochemistry of Great 
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Slave Lake sediments by Allan (1979) . To locate fine-grained sediments suitable for coring, the bottom in the vicinity of selected sampling stations was surveyed by echosounding equipment mounted on the vessel. In addition, echosounding was carried out on a line extending from the deepest area in the west basin to the Slave River delta. Fisheries and Oceans vessel Christie Bay, operated by staff members of the Canadian Department of Fisheries and Oceans in Hay River, Northwest Territories, was used for the sampling operation. Surface sediment samples were obtained by a mini-Ponar grab sampler at five sampling stations. Fine-grained recent sediment suitable for coring was found only at three of the five sampling stations. Five sediment cores were collected at each of these three sampling stations (stations 1, 3, and 4, Fig. 1 ) using a Benthos corer with a plastic liner. Due to the sediment texture, recovered sediment cores were only 18,25, and 45 cm long at stations 1, 3, and 4 respectively. Sediment cores were subsampled into 1 cm sections (to 20 cm sediment depth) and into 2 cm sections (below 20 cm sediment depth). Subsamples from two cores from each station were placed into hexane-prewashed glass jars for the determination of organic contaminants. Subsamples from three cores from each station were composited into plastic bags for geochemical analyses, dating, and the determination of particle size distribution. All samples in the glass jars were immediately frozen and shipped to the laboratory at the National Water Research Institute, Burlington, Ontario, where they were freeze-dried and used for the determination of organic contaminants. Recently, extensive laboratory testing demonstrated that freeze-drying of sediments does not affect the analyses of PCBs and chlorinated hydrocarbons determined in Great Slave Lake sediments (Bourbonniere et al., 1986) . One portion of the subsamples composited into plastic bags was used for the particle size analyses and the second portion was frozen, freeze-dried, and homogenized by grinding to 189 pm particle size for geochemical analyses.
Chemical Analyses
Sediment Geochemistry and Metal Concentrations: The concentrations of major elements (Si, Al, Fe, Ca, Mg, K, Na, Ti, Mn, and P) and trace elements (Cu, Cr, Co, Pb, Ni, V, Zn, and As) were determined in all samples by X-ray fluorescence spectrometry using the method described by Mudroch (1985) . The precision of the analysis was determined by analyzing five pellets made from a homogenized sediment sample. The accuracy of the analysis was verified by running Canadian Reference Standards Syenite SY-2 and soils SO-2 and SO-4 and comparing the analytical results with the stated reference values for major and trace elements. The concentration of organic C was determined by Leco carbon analyzer. The mineralogical composition of sediments was investigated by powder X-ray diffraction using Cu-target with a Ni-filter. The particle size distribution was determined by the method described by Duncan and LaHaie (1979) .
Chlorinated Hydrocarbons: Chlorinated hydrocarbons were determined in subsamples from the following depths in the cores: 0-1 cm, 4-5 cm, 5-6 cm, 9-10 cm, and 14-15 cm at each station; 19-20 cm at station 3, and 26-28 cm and 40-42 cm at station 4.
The analytical procedure for the determination of chlorinated hydrocarbons consisted of 12 h Soxhlet extraction by dichloromethane. The extracts were subjected to fractionation and precleaning by column chromatography prior to analysis using the method described by Carey and Hart (1986) . Each of the resulting fractions was subjected to analyses using a dualcolumn capillary gas chromatography with 30 m long DB5 and DB17 columns and electron capture detectors. Reproducibility of the analysis on replicate samples was *lo%. Standard material CLB-lA, CLB-lB, CLB-lC, and CLB-lD, a mixture of 51 PCB congeners, used as the standard in the determination of PCBs, was obtained from the Canadian National Research Council, Atlantic Research Laboratory, Halifax, Nova Scotia, Canada. Congener numbers reported in this study correspond to the IUPAC numbering system. Recently, PCB congeners were evaluated by their potential biological significance (Clarke et al., 1989) . Moreover, 36 congeners were recommended for use in the regulatory evaluation of PCB-contaminated dredged material and were divided into five groups by their priorities and adverse biological effects attributable to PCBs in the environment. Canadian standard CLB-1 contains 22 of the 36 congeners selected and grouped by Clarke et al. (1989) -namely, in group 1A congener 77 (absent in the standard are congeners 126 and 169), in group 1B congeners 118, 128, 138, 156, and 170, in group 2 congeners 87, 101, 153, 180, 183, and 194, in group 3 congeners 18, 44, 49, 52, 151, 187, and 201 (absent in the standard are congeners 70,74, and 177), and in group 4 congeners 105, 114, and 189 (absent in the standard are congeners 37, 81, 119, 123, 157, 158, 167, and 168) .
The accuracy of the determination of PCBs was confirmed by the analysis of Sediment Reference Material for Total Polychlorinated Biphenyls obtained from Quality Assurance and Method Section, National Water Research Institute, Burlington, Ontario (Lee and Chau, 1987) . The accuracy of the determination of specific PCB congeners was confirmed by the analysis of sediment reference materials HS-1 and HS-2 obtained from Canadian National Research Council, Atlantic Research Laboratory, Halifax, Nova Scotia. Hexachloroethane, hexachlorobutadiene, 1,2,3,4-tetrachlorobenzene, pentachlorobenzene, A-HCH, hexachlorobenzene, pentachloroanisole, lindane, heptachlor, heptachlor epoxide, G-chlordane, A-chlordane, dieldrin, p,p-DDE, p,p'-DDD, and p,p-DDT were determined in the sediment extracts using standards obtained from Polyscience, Niles, Illinois, U.S.A. Gas chromatography-mass spectrometry was carried out on a Hewlett-Packard GC/MS to examine and confirm the presence of individual PCB congeners and the other organochlorines. The presence of individual homologues in sediment samples was confirmed by gas chromatography/mass spectrometry.
Sediment Dating
The total Pb-210, Ra-226, and Cs-137 levels in the sediment core sections from station 4 were measured by lowenergy gamma-ray spectrometry using techniques described by Joshi (1987a) . The contribution of atmospherically delivered or excess Pb-210 (hereafter referred to as Pb-210) was obtained by subtracting the amount of Pb-210 supported by Ra-226 from total Pb-210. The sediment age was calculated by the method described previously (Durham and Joshi, 1980; Mudroch and Joshi, 1991; Joshi et al., 1988) . Dating of the sediment core collected at station 3 was carried out by the method described by Turner and Delorme (1989) .
RESULTS AND DISCUSSION
Bottom Morphometry and Sediment Geochemistry
Echosounding revealed a very gentle sloping of the lake bottom from the Hay River mouth towards station 3 (Fig. 1) . Echosounding from station 4 (water depth about 110 m) towards the Slave River delta (water depth about 20 m) showed steep sloping of the bottom from deep water towards the Slave River bar. The steep slope, the configuration of the bottom below the bar, and fine lenses of a darker material in the sediment profile at station 4 suggested sediment slumping and turbidity currents in this part of the lake. The bar at the Slave River mouth was firm, consolidated material, most likely sand.
Generally, the sediments from all sampling stations consisted of very fine grey-brown silty clay, with a surface layer (1 -5 cm) less consolidated than the underlying material. Few amphipods were found at the sediment surface at each sampling station.
The samples contained 77-92% clay-size particles (c2pm). The rest of the particles were silt (particle size 2-63 pm). Major minerals were quartz, illite, chlorite, kaolinite, and feldspars. Other minerals in the sediments were calcite and small quantities of many different minerals originating from the complex bedrock geology of the lake drainage basin (Allan, 1979) .
The concentrations of major elements were uniform from the surface to the bottom of each sediment core and similar for all three coring stations (Table l) , indicating a continuous deposition of geochemically similar material. Low concentrations of organic C in the sediment profile indicated the deposition of mineral particles and limited contribution of autochtonous organic matter to the sediments in this oligotrophic lake.
All trace elements but As were uniformly distributed in the sediment profiles at all coring stations (Table 2 ) and represented background concentrations in Great Slave Lake sediments derived from regional geology of the lake's drainage basin. Howfver, As increased in the surficial sediment from 5 to 13 pgsg-and 6 to 14 pg.g" at stations 1 and 3 respectively. At station 4 the concentrations of As were uniform (12-14 pg.g") within a 42 cm sediment layer. The increase of As in surficial sediments at stations 1 and 3 agreed well with the observations of Allan (1979) , who found an increase of As concentrations (up to 14 pgsg") in the sediments at the central west basin of the lake. The source of As enrichment might be effluents or emissions from gold mines on the north shore (Mudroch et al., 1988) . Uniform concentrations of As in the sediment profile at station 4 reflected a fast deposition of recent sediment with a greater As content or mixing of the sediments at this area.
Sediment Dating
Sedimentation rates at station 4 were calculated using two different models: the CIC (constant initial concentration) model assumed both a constant mass flux and a constant excess Pb-210 activity flux at the water/sediment interface, while the CRS (constant rate of supply) model assumed that excess Pb-210 is supplied to the sediments at a constant rate. Both models indicated that the sediment at this area was very young: the 14 cm sediment section was about 0.23 year of age using both models. The results from both models were virtually the same. When a diffusive mixing parameter was used (Shukla, unpubl. data, 1989) , the mixinginfluenced age of the 14 cm sediment layer was only about 0.02 year. The CIC model gave a mass sedimentation rate of GREAT SLAVE LAKE SEDIMENTS I 13 about 46.5 gem"* per year. The Cs-137 activity was detected, although very low compared with the levels of the early 1960s' fallout. Cs-137 activity was detected in the Canadian North earlier (Joshi, 1987b) and its source was considered to be the 1986 nuclear reactor accident in Chemobyl, U.S.S.R. The atypical Pb-210 profile, the morphometry of the bottom, and lenses of different colour material found by the visual inspection of the cores indicated a high sedimentation rate at station 4. Additional dating of a sediment core from station 3 indicated an intensive mixing of the sediment below the surface 3 cm sediment layer.
An unusually high sedimentation rate at station 4 and sediment mixing at station 3 are most likely due to the input of great quantities of suspended sediments from the Slave River and strong currents at the bottom of the west basin of the lake. The estimated mean sediment inflow from the Slave River into the lake is 30 x lo6 tons per year, of which 10% is sand and the rest is fine-grained material (Mackenzie River Basin Committee, 1981) . It is uncertain if all this material becomes deposited on the bottom of the lake, particularly at the area adjacent to the river delta, or is transported through the lake into the Mackenzie River. The dating of sediment core from station 3 and the high concentration of suspended material observed during the sampling period suggested continuous resuspension and transport of some of the material deposited at the southwestem part of the lake.
Organic Contaminants
PCBs: Detected PCB congeners and their concentrations in the selected sections of sediment cores collected at three stations in Great Slave Lake are shown in Tables 3,4 , and 5. From 5 1 congeners present in the used standards, 17 congeners were detected in concentrations greater than 0.01 ngg" at station 1, 35 congeners at station 3, and 29 congeners at station 4. The most abundant congeners in the Great Slave Lake samples were 15/18, 44, 49, 52, and 101. The following maximum concentrations were measured for particular congeners at the 105, 114, 128, 129, 137, 141, 143, 154, 156, 159, 170, 171, 173, 180, 182,  183, 187, 189, 191, 194, 195, 196, 200 'Congeners in concentrations <0.01 ng.g" at all sediment depths: 31, 77, 114, 128, 137, 159, 173, 180, 182, 187, 189,200,205,206,207, and 209. sampl,ing stations: 15/18 (3.52 ngsg;') at station 4; 44 (2.68 ng.g,) at station 4; 49 (2.44 ng.g-) at'station 4; 52 (6.20 ng.g-) at station 4; and 101 (2.13 ng.g-) at station 4. PCB congeners detected at all sediment depths at the three sampling stations were: at station 1, 15/18, 40, 44, 60, 86, and 101; at station 3, 15/18, 44, 49, 54, 87, and 153; and at station 4, 15/18,44,49, and 86. In nearly all sediment sections congener 77 was detected by GC-ECD in relatively large concentrations. Since this congener was reported only in a small amount in Aroclor 1242 (Erickson, 1986) , its presence and concentrations were suspicious. Consequently, the peak eluting at the position of congener 77 was examined by the GS/MS. The standard of congener 77 was used as the control. In the sample, the main peak was identified as a C22 alkane and the presence of a tetrachlorobiphenyl, particularly congener 77, was not confirmed. However, the presence of a pentachlorobiphenyl was confirmed but only at a concentration of 0.001th of the C22 alkane. Consequently, congener 77 was considered among the absent PCBs in Great Slave Lake sediments (<0.01 ng.g-' in Tables 3 and 6 ).
The concentrations of the rest of the 51 congeners were lower than 0.01 ng.g" at all sediment depths. Furthermore, several congeners, particularly those having 7-10 chlorine atoms, were determined only at one sediment depth. For example, low concentrations (<0.20 ng.g") of congeners 114, 129, 137, 143, 185, and 200 were determined only at one sediment depth at station 4. The concentration pattern of PCBs in 'Congeners in concentrations <0.01 ng.g" at all sediment depths: 77, 103, 205,206,207,208, and 209. 154, 156, 159, 170, 171, 173, 180, 182, 187, 189, 191, 194, 195, 201, 202, Great Slave Lake sediments indicated considerably greater quantities of lower than higher chlorinated biphenyls. In the sediment at station 4 tetrachlorobiphenyls represented 44-60% of the total PCBs, followed by 8-39% tri-, 11-28% penta-, 4-24% hexachlorobiphenyls, and less than 1% congeners with 7-10 chlorine atoms. At stations 1 and 3 tetrachlorobiphenyls represented about 60% of total PCBs in the surface 1 cm sediment layer. In the deeper parts of sediment cores dichlorobiphenyls represented 23-47% of total PCBs, followed by tri-and tetrachlorobiphenyls. Higher chlorinated congeners represented only a small portion of the total PCBs.
In this study, the following congeners recommended for use in the regulatory evaluation of PCB-contaminated dredged material and grouped by their potential for toxicity and occurrence in environmental samples by Clarke et al. (1989) were detected in Great Slave Lake sediments: in group 1B (having enzyme-inducing potential and high-concern toxicity) congeners 118, 128, and 138; in group 2 (less potent as inducers and toxins than the previous group; as a group, they contribute 26-41% of total PCBs in the bird and animal samples and 7-25% of total PCBs in fish and invertebrates) congeners 87, 101, 153, and 183; in group 3 (weak or non-inducers but have numerous reported environmental occurrences or represent at least 10% composition of total PCB in tissue samples) congeners 18, 4 4 , 49, 52, and 151; and in group 4 (mixed-type inducers with low accumulation in animal tissues) congeners 105 and 114.
The predominance of the lower chlorinated PCBs in Great Slave Lake sediments is consistent with the determined PCBs in snow and the investigation of atmospheric transport of PCBs from warm areas to cold ones. Wet removal of airborne organic pollutants occurs with scavenging of particles by and partitioning of organic vapour into rain and snow (Eisenreich et al., 1981) . Following snow melt, organic contaminants are transported by rivers. Data on PCBs in the Laurentian Great Lakes Basin suggest that atmospheric input may represent 60-90% of the total PCB input to the lakes. A similar pattern can be assumed for the input of PCBs to the Great Slave Lake basin. The total PCBs were detected in arctic snow in quantities between 0.28 and 1.67 ng.L;' (Gregor and Gummer, 1989) and between 86 and 1800 pg.L- (Bidleman et al., 1989) , indicating the transport of these contaminants through the atmosphere.
Monitoring of water quality in the Athabasca River (Fig. 2 ) revealed detectable concentrations of PCBs. Maximum concentrations of Aroclors 1248, 1254, and 1267 were 0.165, 0.019, and 0.007 pg.L" respectively in nonfiltered water from the Athabasca River and 1.70 and 2.40 pg.L" of Aroclor 1248 and 1260 respectively in water from lakes in the Athabasca River basin (Mackenzie River Basin Committee, 1985) . These findings indicate a transport of PCBs into Great Slave Lake via Slave River and its tributaries. In addition to industrial sources in the tributaries' drainage basin, including potential sources at the heavy oil and tar sand deposits, accumulation of PCBs in snow deposited over the winter from the atmosphere most likely contributes to the load during snow melt, which is the period of the largest transport of suspended material by the Slave River into the lake. Therefore the large drainage basin of the tributaries, with its regular snow cover in the winter, has to GREAT SLAVE LAKE SEDIMENTS / 15 be considered a potential source of different organochlorines for Great Slave Lake.
The concentrations of PCB congeners determined in the sediment core collected from the deepest depositional basin of Lake Ontario are presented in Table 6 for comparison with PCB congeners detected in Great Slave Lake. From the 51 congeners in the standard, 33 were found in concentrations greater than 0.01 ng.g" in Lake Ontario sediments. The concentrations of PCB congeners in Lake Ontario sediments were considerably greater than those in Great Slave Lake sediments (Table 6 ). Generally, with increasing sediment depth the concentrations of determined PCB congeners decreased in Lake Ontario sediment; the concentrations of many congeners were <0.01 ng.g" at the 14-15 cm sediment depth, and at the 19-2 1 cm sediment depth the concentrations of all 5 1 congeners were <0.01 ng.g". However, the concenfrations of at least half of the congeners were greater at the 4-5 cm depth than those in the 1 cm surface sediment.
Maximum concentrations of PCBs in sediments collected at three stations in Great Slave Lake and those found in Lake Ontario sediments are shown in Table 7 . Radionuclide measurements were used to determine the age of Lake Ontario sediments and historical trends of PCB input to Lake Ontario (Durham and Oliver, 1983) . The historical record found in the sediment for PCBs was in good agreement with known production and usage patterns. It showed that the pollution of Lake Ontario with PCBs is still occurring, but to a lesser degree than in the 1960s, and that the input of PCBs to Lake Ontario started around 1930, which corresponds to the commencement of PCB production. Unfortunately, high sedimentation rates and mixing of sediments in Great Slave Lake, determined by sediment dating, made the interpretation of historical inputs of PCBs using concentration profiles in sediments impossible.
Congeners 173, 180, 189, 205, 207 , and 209 were detected in Lake Ontario sediment, but they were not detected in any Great Slave Lake sediment samples. In contrast, the following congeners were detected only in Great Slave Lake sediments, but not in the sediment from Lake Ontario: 31, 54, 87, 103, 121, 143, 154, 170, 203, and 208. Oliver et al. (1989) and Eisenreich et al. (1989) analyzed PCBs in sediments from Lake Ontario using different standards and procedures. Consequently, there are great differences in specific congener identification and quantification between their work and this study. Clarke ef al. (1989) concluded that congener-specific analyses that include a substantial number of PCB congeners are not routinely done, and thus there is not a wealth of data in the literature concerning concentrations of individual congeners in environmental samples.
Other Chlorinated Hydrocarbons
Concentrations of other chlorinated hydrocarbons determined in different sections of sediment cores at three stations in Great Slave Lake were in the range of c.01 to 1.1 ng.g" (Tables 8,9 , and 10). Maximum concentrations of chlorinated hydrocarbons determined at the investigated stations are shown in Table 11 . For comparison, the concentrations of chlorinated hydrocarbons determined in bottom and suspended sediments in Lake Ontario (Oliver and Charlton, 1984; Oliver et al., 1989) are included in Table 11 . These are greater than those in Great Slave Lake bottom sediments.
The following organochlorines, listed in approximate order of abundance, were present in all of the analyzed sediment samples from three stations in Great Slave Lake: pentachlorobenzene = 1,2,3,4-tetrachlorobenzene = hexachlorobenzene > A-HCH > pentachloroanisol > hexachlorobutadiene > A-chlordane. The remaining analyzed chlorinated hydrocarbons were not determined in all sediment depths at the three sampling stations. Moreover, although not determined at all sediment depths, hexachloroethane and dieldrin were present only in the sediment from station 4, and p,p'-DDE, p,p'-DDT, and p,p'-DDD were present at all sediment depths only at this station.
Heptachlor was found only in the 1 cm surface sediment at stations 1 and 3. In addition to heptachlor, heptachlorepoxide, G-chlordane, p,p'-DDD, and p,p'-DDT were only in the 1 cm surface sediment at station 1. The concentration pattern of chlorinated hydrocarbons was similar at stations 1 and 3, with the greatest concentrations of analyzed compounds generally in the 1 cm surface sediment. The deeper sediment sections contained considerably lower, but generally similar, concentrations. The concentration pattern of chlorinated hydrocarbons at station 4 was different, with the greatest concentrations of individual compounds at various sediment depths. Generally, the concentrations of determined compounds were similar from the surface to the 42 cm depth at this station. Many of the chlorinated hydrocarbons found in the Great Slave Lake sediments may originate from pesticide and herbicide use in the agricultural area of the Canadian prairies and/or atmospheric transport and. deposition within the drainage basin. Some are highly resistant to biological, chemical, and thermal degradation. Only limited information is available on the type and quantities of these compounds previously used in the Great Slave Lake and Slave River drainage basins.
Consistent concentrations of A-chlordane in the sediment profile at all three sampling stations reflect an intensive use, high persistency, and atmospheric transport of this compound. Sources and atmospheric transport of insecticide chlordane and its components were discussed by Hargrave et al. (1988), and it was suggested that the major source of chlordane to the atmosphere over the North Atlantic is from the U.S.A. Since the early 1960s dieldrin was used in North America, but with reduced application in Canada during the 1960s and after 197 1.
Less volatile and more water-soluble dieldrin tends to be removed from the atmosphere by precipitation and dissolution at the air/water interface of large water bodies. Consequently, this compound is considered a more local contaminant usually associated with riverinefiand runoff (Norstrom et al., 1988) . In Great Slave Lake sediments dieldrin was found at low concentrations of 0.09 ng.g" only at two sediment depths at station 4, indicating its transport into the lake by the Slave River. Hexachlorobenzene (HCB) was originally used as fungicide in Canada and the U.S.A., but it was also a by-product of some industrial processes (Hallet et al., 1982) . HCB was found at all sediment depths in the cores collected in Great Slave Lake.
Ottar (1981) noted that HCB was readily transported to northern latitudes from sources farther south. 
SUMMARY AND CONCLUSIONS
Geochemical analyses of sediment cores collected at three stations in Great Slave Lake, Northwest Territories, indicated the deposition of geochemically similar material and uniform concentrations of trace elements except arsenic. The concentrations of arsenic were greater in the surficial sediments than in the rest of the sediment cores from two sampling stations. Thirty-three PCB congeners of the 51 congeners included in the used standard were detected and their concentrations determined in selected sections from sediment cores collected at three stations in Great Slave Lake. The most abundant congeners in analyzed sediments were 15/18,44, 49, 52, and 101. The concentration pattern of PCBs in Great Slave Lake sediments indicated considerably greater quantities of lower than higher chlorinated biphenyls. The concentrations of PCB congeners in Lake Ontario sediments were about two orders of magnitude greater than those in Great Slave Lake sediments. Hexachlorobutadiene, 1,2,3,4-tetrachlorobenzene, pentachlorobenzene, A-HCH, hexachlorobenzene, pentachloroanisol, and A-chlordane were present at all analyzed sediment depths from all three sampling stations in Great Slave Lake. The other analyzed chlorinated hydrocarbons were not determined at all stations and all sediment depths. Maximum concentrations of analyzed chlorinated hydrocarbons were 0.08-1.04 ng.g" in Great Slave Lake sediments and were about two orders of magnitude lower than those in Lake Ontario sediments.
It was concluded that Great Slave Lake sediments are a potential storage of chlorinated hydrocarbons that may become transported by sediment resuspension into the Mackenzie River. However, a comprehensive investigation of the distribution of organic contaminants in suspended and bottom sediments from the Slave River-Great Slave Lake-Mackenzie River system would supplement our present limited knowledge of the transport of these persistent toxic contaminants into Canadian subarctic and arctic regions.
